Motivation: The structures contained in the Protein Data Bank (PDB) database are of paramount importance to define our knowledge of folded proteins. While providing mainly circumstantial evidence, PDB data is also increasingly used to define the lack of unique structure, represented by mobile regions and even intrinsic disorder (ID). However, alternative definitions are used by different authors and potentially limit the generality of the analyses being carried out. Results: Here we present Mobi 2.0, a completely re-written version of the Mobi software for the determination of mobile and potentially disordered regions from PDB structures. Mobi 2.0 provides robust definitions of mobility based on four main sources of information: (i) missing residues, (ii) residues with high temperature factors, (iii) mobility between different models of the same structure and (iv) binding to another protein or nucleotide chain. Mobi 2.0 is well suited to aggregate information across different PDB structures for the same UniProt protein sequence, providing consensus annotations. The software is expected to standardize the treatment of mobility, allowing an easier comparison across different studies related to ID. Availability: Mobi 2.0 provides the structure-based annotation for the MobiDB database. The software is available from URL http://protein.bio.unipd.it/mobi2/.
Introduction
Protein structures from the Protein Data Bank (PDB) (Berman et al., 2000) are arguably the most important source of information for folded proteins. Often seen as a collection of static entities, the PDB instead contains several, albeit mainly circumstantial, ways to encode mobility and even intrinsic disorder (ID) in proteins. Depending on the type of experimental technique used for structure determination, mobility has been traditionally encoded either as temperature factors or through multiple structural models. X-ray crystallographic structures contain mostly information on B-factors, which may represent different types of errors, but are mostly proportional to the expected average displacement in Å of a given atom. Nuclear magnetic resonance (NMR) structures instead are a collection of different snapshots, which together can be used to approximate the mobility of the residues in solvent from 'not well defined' parts (Snyder et al., 2014) . Both types of circumstantial evidence have been commonly used as a proxy to define ID regions of proteins (Potenza et al., 2015) .
Over the years, many somewhat different definitions of mobility and ID have been used by various authors, e.g. (Dosztányi et al., 2005; Linding et al., 2003; Ward et al., 2004; Walsh et al., 2012) . These have spawned a plethora of prediction methods which provide similar performance on a standardized large-scale benchmark (Walsh et al., 2015) . Good data sets are of paramount importance when developing prediction tools (Walsh et al., 2016) . A similar situation can be found for secondary structure prediction, where the advent of tools such as DSSP (Kabsch and Sander, 1983) allowed the community to reliably compare (Potenza et al., 2015) aims to combine as many possible definitions of ID and mobility as possible. Specifically, it includes a module to extract meaningful ID and mobility definitions from PDB structures mapped to their corresponding UniProt proteins (The UniProt Consortium, 2017). So far, MobiDB only considers missing residues in X-ray structures and mobile regions in NMR ensembles (Martin et al., 2010) as a proxy to define ID regions. Two potential sources of information are however still missing in MobiDB. Residues with high B-factors have been already used to infer 'hot loops' similar to ID (Linding et al., 2003) . On the other hand, ID may be under-reported in the PDB for structures where short peptides have been crystallized with their binding partner. Presence of a PDB structure suggests a structured region although it may be ID in isolation. These folding upon binding cases are of particular interest to explain the function of ID regions. Indeed, they have been used to train a separate class of predictors for functional stretches in ID regions, e.g. in ANCHOR (Dosztányi et al., 2009) . Here, we present Mobi 2.0 a completely re-written software for the automated identification of ID and mobile regions form PDB structures.
Method overview
Mobi 2.0 is designed to annotate full protein sequences, as represented by UniProt entries (The UniProt Consortium, 2017), with mobility and ID information derived from all PDB structures (Berman et al., 2000) mapping to it. The following three definitions are used in Mobi 2.0: (i) missing residues, (ii) high B-factor [X-ray and electron microscopy (EM)] and (iii) mobility across multiple models in the ensemble (NMR only). In addition, Mobi 2.0 is able to detect linear interacting peptides (LIPs). These linear peptides, bound to another protein or nucleotide chain in the PDB structure, are likely candidates for folding upon binding transitions form ID to order.
Implementation
Mobi 2.0 is organized in two main modules. PdbComplex extracts ID annotations from a single PDB file. ProteinComplex aggregates annotations at the UniProt sequence level by merging PdbComplex data from all associated PDB structures. Missing residues are obtained by comparing the sequence used in the experiment (SEQRES) and the observed residues in the structure (ATOM). This information along with the PDB/ UniProt mapping comes from SIFTS files (Velankar et al., 2013) and is available for all experimental types. High B-factor regions for X-ray and EM structures are detected using a threshold proportional to the resolution of the structure. Residues with B-factors above the theoretical Wilson B factor for the resolution increased by 25% are flagged as high B-factor. Only for NMR structures, a mobility estimate is provided by comparing C a displacement and local conformation in different aligned models. The algorithm to assign NMR mobility is a re-implementation of the first Mobi version (Martin et al., 2010) . LIPs are identified by comparing intra-versus inter-chain contacts. Contacts are calculated using RING (Piovesan et al., 2016) and LIPs are assigned when interchain contacts are at least twice as many as intra-chain interactions measured over a sliding window of 11 residues. Long range intra-chain interactions are weighted double in order to further exclude folded regions. The ProteinComplex component consolidates all PdbComplex instances mapping to the same UniProt protein into a consensus annotation using a strong majority rule. Order and disorder/mobility are assigned whenever at least 90% of annotations agree. Positions falling in-between are labelled as context-dependent, since evidence for being in different conformations cannot be discarded.
The Mobi 2.0 package is fully written in Python, exploiting the Biopython and NumPy modules. RING (Piovesan et al., 2016) , DSSP (Touw et al., 2015) and TM-align (Zhang and Skolnick, 2005) are external dependencies. Mobi 2.0 on average takes 30 s to process a single PDB file and can be easily used in high-throughput protein analysis.
Conclusions
Mobi 2.0 has been developed to standardize the definitions of mobility, ID and LIPs from protein structures deposited in the PDB. This is an important step in ensuring the reproducibility of further downstream analyses in a similar way that tools like DSSP (Kabsch and Sander, 1983) paved the way for reproducible secondary structure description. Mobi 2.0 will be used to improve the structure-based definitions used in MobiDB (Potenza et al., 2015) . Moreover, we expect it to allow methods developers to use a standardized way to build predictors for ID and mobility. The LIPs definition, in particular, may drive the development of a new generation of predictors for functional ID regions.
